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DECLARATION UNDER 37 CFR § 1.132 

I, Ferris H. Lander, do hereby declare as follows: 

1. I am a registered Patent Agent and am authorized to 
represent the inventor's and assignee in the application entitled 
"Glycoprotein and Apolipoprotein Biopolymer Markers Indicative of 
Alzheimer's Disease", having U.S. Application Serial No. 
09/993,344, filed November 23, 2001. 

2. In the Office Action mailed on July 28, 2005, claim 1 (as 
presented on April 4, 2005) was rejected under 35 USC 101 because 
the claimed invention allegedly is not supported by either a 
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specific, substantial, credible or asserted utility or a well- 
established utility. Claim 1 was also rejected under 35 U.S.C. 112, 
first paragraph because the claimed invention allegedly contains 
subject matter which was not described in the specification in such 
a way as to enable one skilled in the art to which it pertains, or 
with which it is most nearly connected, to make and/or use the 
invention. 

3. The attached figure was produced by scanning the original 
photograph of the gel. No new matter has been added; this figure 
is simply a clearer copy of Figure 1 as originally filed and is 
provided for clarification of the presence and/or absence of the 
bands. The figure entitled "DEAE 3 (Elution) AD vs. Age Matched 
AD (Control) " represents Figure 1. 

The gel shown in the attached figure does not represent new 
experimentation; the figure shows a clearer image of the original 
gel made at the time that the experiments described in the instant 
specification were first carried out. 
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The undersigned declares that all statements made herein of his own knowledge 
are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that 
willful false statements and the like are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the Application or any 
patent issuing thereon. 
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Elevated 5-S-cysteinyldopamine/homovanillic acid ratio and 
reduced homovanillic acid in cerebrospinal fluid: possible 
markers for and potential insights into the pathoetiology of 
Parkinson's disease. 

Cheng FC, Kuo JS, Chia LG, Dryhurst G. 

Department of Medical Research and Geriatrics Medical Center, Taichung, 
Taiwan, Republic of China. 

High-performance liquid chromatography with electrochemical detection 
has been employed to analyze ultrafiltrates of cerebrospinal fluid of 
Parkinson's Disease (PD) patients and age-matched controls for the 
dopamine (DA) metabolites homovanillic acid (HVA) and 5-S- 
cysteinyldopamine (5-S-CyS-DA). The mean level of HVA in the CSF of 
PD patients, measured 5 days after withdrawal from L-DOPA therapy, was 
significantly lower than that measured in controls. By contrast, mean levels 
of 5-S-CyS-DA were not significantly different in the CSF of PD patients 
taking L-DOPA (PD-LT patients) the same patients 5 days after 
discontinuing this drug (PD-LW patients) or controls. However, the mean 5- 
S-CyS-DA/HVA concentration ratio was significantly (p < 0.05) higher in 
the CSF of PD-LW patients compared to controls. Although the PD patient 
population employed in this study had been diagnosed with the disease 
several years previously and had been treated with L-DOPA for prolonged 
periods of time the results of this study suggest that low CSF levels of HVA 
and a high 5-S-CyS-DA/HVA ratio together might represent useful markers 
for early diagnosis of PD. The high 5-S-CyS-DA/HVA ratio observed in the 
CSF of PD-LW patients also provides support for the hypothesis that the 
translocation of glutathione or L-cysteine into neuromelanin-pigmented 
dopaminergic cell bodies in the substantia nigra might represent an early 
event in the pathogenesis of PD. 
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link 1 ngk) 
n. 

One of the rings or loops forming a chain. 

A unit in a connected series of units: links of sausage; one link in a molecular 
chain. 

A unit in a transportation or communications system. 

A connecting element; a tie or bond: grandparents, our link with the past. 

An association; a relationship: The Alumnae Association is my link to the 
school's present administration. 

A causal, parallel, or reciprocal relationship; a correlation: Researchers have 
detected a link between smoking and heart disease. 

A cufflink. 

Abbr. li A unit of length used in surveying, equal to 0.01 chain, 7.92 inches, or about 
20.12 centimeters. 

A rod or lever transmitting motion in a machine. 

Computer Science. A segment of text or a graphical item that serves as a cross- 
reference between parts of a hypertext document or between files or hypertext 
documents. Also called hotlink, hyperlink. 
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Mass spectrometry and proteomics 

SCOTT D. PATTERSON 

Amgen Inc.. Thousand Oaks. California 91320-1789 
etry (MS) ,n proteomics. The AsiIom ar Conference^ I?™ W1 , th J each Iaser shot. Typically, the mass ana 
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. . ' / r *<iCMsuomar Conference <\u 

IT? P 1Ctur f sq " e nati0nal P ark *n Pacific Cr^e ca 
overlooking the Pacific Ocean. The conference It™* 
bring together scientists from a croS sS 0 fTsc 
phnes that are applying MS to an emerging fieJd This 
year that emerging field is pnrteomL Tte "££ 
proteome" was coined by Wilkins et al fi7> in ^ 
mid-1990s to describe the* protein complement of £ 

8 i!JTm term Was first used t0 described 20-vr 
old field o two-dimensionai gel electrophoreses (2 DE) 
and quantitative image analysis. 2-DE remains the 

able butT'"?," Pr ° tein Se P arati0 " ™S v 5 6 
able, but the ability to identify the observed proteins 
was always an extremely difficult problem MS has 

Et^S , 8 t technol °gy h ad been realized since its 
introduction three enabling technological advices 

proteomics. The first advance was the introduction of 

S^^ssjs seq r cing of both 

Ha t 8 ? STs) and ' more recently, genomic 
DNA The second was the development of mals spec- 
trometers able to ionize and mass-analyze £ 0 X al 

tTon^ U mat nd ' "V ** wide Vead intrS- 

tion of mass spectrometers capable of data-dependent 
ion selection for f r!1 0 mP n t ,«I n^o/wow? epe " aent 



»™. „, Jllct ^ spectrometers capable of data-dependent proteins and th» Z «xmuy geJ-separated 

ion selection for fragmentation rMS/MSufJ P ?u S 1 r e vanous automation technologies ao- 



the need for user hZ^T^ffiZto 
deve opment of computer algorithms able to ma ch 

nSSrlZS? ? , tW ? technol °g i ^ advances 
together. Thus MS played a key role in the passage of 
2-DE/image analysis to proteomics 6 

As a note to readers unfamiliar with MS, the instru- 
ments are named for their type of ionization TuTand 
mass analyzer (see also Refs. 1, -11, 1 2) To measure the 
mass of molecules, the test material must be charged 

u SsyuTml 3 "' d r Vated ^ The tw ° ™* 
successful mechanisms for ionization of peptides and 

tTn KDir at H X 'f SiStCd ,3Ser d -or^ P on ionfza 
mm n? ^ } f " d electros P r ay ionization (ESI) In 
MALDI the analyte of interest is embedded in a matrix 
that « dried and then volatilized in a vacuum™*? 
ultraviolet laser irradiation. This is a relatively effi / 



S^fl^fii^ fe-d) moleci 

thfi pSess d!: o t0 , *- microin J ecti °" needle .During 
cms process, the droplets containing analyte are Hr, Ji 
and gain charge (ionize). The ions formed durine h^ 

Ihis AsiIomar meeting provided one of the larp^f 
academic forums in the United States lor to p^eS? 
tion and discussion of MS as it is applied to proTeomicT 
As isobvmus from the introduction the iniKSeMS 
played was as a protein identification and characteriza 

^dSerkS 
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pub.ication( h «p:// physioi ; e rr s p P ^ * te *" ° f 



.09 4 .83 41 /O0 *5.00 Co PKight 0 2000 the African P hysi „ logi cal Society 



alsopresVnV^ .., 1 g mrougnput. several talks 
JSL?'" 1 ^temate approaches. These approaches 
ut.hzed direct analysis of digested protein nurtures fo? 
either .dentification of the components or quanSative 
analysis of two different samples mixed together fZ 
cific biological applications were also presented As 
described above, a critical component of a^y MS ap 

Ss h is as T^ s p,ied y r Tr^ is the ™7"™oZ 

sTx aSct?of mT° W1 " bC diWded t0 focu * °" th ^ 
six aspects of MS in proteomics. Where references are 

known for some of the material presented they are 
ate* The program was. however, not entire Iy Sited 
the conf Pr0teomics - P ™ r ^ the six sections^vT fng 

Sver;?h„Z nCe C ° re ' thC firSt Section of ^ reporf 
covers hose presentations that were aimed at proWd- 

ery^ToceSs 1 ^ ^ bi ° l0giCal a " d ^ 

in o^T m ' CS . in bi ° hgy and dru S discovery. The open- 
ing lecture, given by Lee Hood (Univ. of WashinS 
provided an excellent overview of Cenomics S 
/ics. and Systems Biology. Hood described the genome 
project efforts that provide four types of maps genetTc 
Physical, gene, and sequence. For the hurl gfnon „e 
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it is anticipated that 90-95% of all genes will be 
sequenced sometime next year. This is the first step 
7 ar ^ w hat H 00d described as the "Periodic Table of 
Life. The different approaches to genomic sequencing 
and microarray technologies that are able to interro 
gate the mRNA levels of thousands of genes at a time 
were described. Hood described proteinics in broTd 
terms as the study of multiplicity of proteins. The 
information obtained from the various hierarchical 
levels of biological information (gene, protein, path 
ways, interconnecting pathways) must be integrated 
for us to be able to provide a more complete biofogical 
p.cture. For both microarray and proteomics. samples 
representing the disease process must be obtained- 
This means that pure cell populations must be micro- 
scopically captured from tissues and/or sorted prior to 
ana ysis. Therefore, analyses at the mRNA and protein 
level must be conducted at very low levels and substan- 
tial engineering opportunities exist in the biological 
field to provide the necessary solutions. However, gen- 
eration of the data is only the first hurdle, as the 
analysis of the data from a systems perspective then 
^ S be h U " dertak f en H °°° Presented systems biology 
as the challenge for the 21st century and provided a 
series of examples of large-scale approaches to biology 
from genome sequencing of unicellular organisms to 
the sequencing of the T-cell receptor locus to cancer 
biology, all of which benefit from such approaches 

Three other presentations were included in the pro- 
gram, to provide a broader background to the utiliza- 
tion of proteomics in drug discovery. Doug Buckley 
(Exehxis) described the generic view of the drug disco * 
ery pipeline, the various "choke" points in the process, 
and where proteomics could play a role. Of note was the 
discussion of the changing patent protection landscape, 
during which Buckley said that full-length cDNA pat- 
ents were being issued despite the existence of EST 

SfJSiI"! f rti0nS ° f these 8 enes - Bu ckley also pre- 
dicted that functional data is expected to be required 
for patents beyond the inferences gained from bioinfor- 
matics The choke points he referred to were target 
validation assay development, mechanistic biology 

n^S? & i EX6,iX A S iS USi "S model ^ganisms (cfe- 
norhabdms elegans. Drosophila. mouse, and zebrafish) 
to screen for genes that disrupt/modulate pathways 
common between man and these organisms. Roles for 
proteom.cs included follow-up on targets (direct analy- 
sis of protein differences, proteins associated with gene 
products of interest), assay development [e.g.. valida- 
tion of hits in high-throughput screening (HTSH and 
mechanistic biology (e.g. comprehensive analysis of a 
knockout phenotype). Most importantly, Buckley pre- 
sented the bottom line that all new technologies must 
demonstrate their worth by concrete changts in the 
drug development pipeline (i.e.. greater efficiency, bet- 
ter decisions). He predicted that proteomics could pro- 

:z*r^zT at the mu,tip,e restriction ^ 

Pharrnacoproteomics, using 2-DE to profile media-/ 

Z7 G *t U fn emCaCy T 6 t0Xidt * was P-sented by' 
Una Gatl.n (Biosource/Large Scale Biology Corpora 
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tion . The synergy between mRNA expression profiling 
(for low-abundance gene products) and protein expres 
sion profilmg (for postradiational modifications and 

thtTs the 3 ! loai *? tUu * Was Presented. An exception to 
this is the search for surrogate markers, where secreted 
proteins were normally the choice and in which there is 
no identifiable mRNA source to mirror serum or ur in e 
protein expression. The aim of their Molecular Effect 
Database of 2-DE patterns, obtained from Le^ of 
drug-treated rats, is to establish links between expres 
sion patterns and toxic endpoints to reveal markers for 
eflkacy and prediction of side effects which can be used 
for ead selection. In disease models, the hypothecs is 
that the altered expression pattern could bTrevSed 
by treatment with a drug. oversea 

The closing presentation of the meeting, given by Jeff 
Se.lhamer (Incyte). presented analyses of he precursor 

thTn?,^ f a " eS and from these have estimated 

29 769 ^ °H 8en r r human * enome be 
129.769 (based on CpG island estimates, 142 634) 

^abolT TZSP^f thC hUma " S enome at a 
n J£ m i ,0n reads a month on the Megabace 
platform with 9 sequencing runs/day. Assembly** t£ 
data * being accomplished using Linux on 1 .500 CPUs 
(160 computers) with 75 terabytes of storage capacity 
Single-nucleotide polymorphisms (SNPs) are being ca£ 
culated from their sizable EST collection, and mRNA 
expression profiling is being achieved using their GEM 
rnjroarray pJatform. These data are being integrated 
with 2-DE proteomics data being generated by their 
partner Oxford GlycoSciences. This integratlono the 

SSTo^- rf H geno ? cs and proteomics forms * e 

basis of their drug discovery approach for profiling 
differences between normal and diseased tissue g 
thf3f W T 7 as Pf ts <>f proteomics. Determining 
the masses of peptides (MS spectra) derived from 
enzymatic digestion of gel-separated proteins is often 

irfLifi f 9 in 3 maSS s Pectrometric-based protein 
^fication strategy. Peptide-mass mapping is the 

ZL f mm ° nly . T p,0yed mass spectromeFric ap- 
proach for protein identification from organisms whose 
genome is completely sequenced (or at least for which 
the more abundantly expressed genes have been se- 
quenced). The basis of the method is the matching of 
experimentally determined peptide masses with pip 
tide masses calculated for each entry in a sequence 
database fusing the specificity of the enzyme used to 
genera e the experimental data). How well the experi- 
mentally determined masses match with the calculated 
masses forms the basis of the approach. Ron Beavis 
(Proteometncs) described how to obtain high-quality 
data which even if less, are better than more low 
quality data. The use of specific matrices as well as the 
use of standards with respect to obtaining appropriate 
data sets for peptide-mass mapping was addressed. 
Later in the day David Fenyo (Proteometrics) described 
how to utilize this data in a three-step process as is 
performed in their WWW-available program, Profound, 
which uses a Bayesian algorithm (http://www. 
proteometrics.com). The process is as follows: 



1) assignment of monoisotopic masses to the raw data 

the P r e e P su?t e 'm a T S h Se 1 arCh ' ^ ^ si ^nce testing of 
the result (4). The last step was presented as the most 
critical because it is from this that the confidence 0 f7h e 
match ,s derived. This is achieved through calculat on 
of a score frequency function for false positives fhis 
was denved from statistical analysis of the database 
being searched using random section of pe P «d e 
masses from d.fferent proteins that are then groupedas 

he d^ K Pr ° t6inSand USed »Peptide-ma52ESS 
the database ,n question. This is repeated for a variety 

tTSSSSET t0 C ° me UP ~ 

tJ!Z T* leVd ° f Pr ° tein identification is the genera- 
tion of fragment ion spectra from peptides isolltedTn 

ra^Mafchinro J" 6 (MS/MS spec 

tra). Matching of fragment ion spectra follows the same 

calculated masses of fragment ions (together with thi 
intact mass of the peptide, and often the S£Jft?tJ5 
the enzyme used to generate the peptide) are matched 
w,th those calculated for isobari? peptides (i? stme 
mass as experimentally determined) from emriesTn 
S tw baSeS - Ar ^ Moseley (Glaxo WeEne) 
described how nanoscale capillary LC-MS/MS (where 

MS) ^ had a ^ SeParated cl ™«t B graphlcany before mS 
MS) had been automated for identification of gel- 
separated proteins. The throughput of this 75 umm 
iterwM20 S ™ m C ? nnect< f to a Qq-TOF mass spectrom- 
S fo 'BcT^P^^^^^^^aOfmoldoaded 
on gel) for BSA. Moseley continues to develop ultra- 
HPLC (in some cases combined with variable flow 

separation. In a Glaxo Organelle Proteomics program 
vanous approaches t0 protein identificatiQn J 

H , ^ f n !f arlSOn ° f the total ™mber of proteins 
dentified following in situ enzymatic digestion^ pro 
terns separated by either high-resolution 2-DE 0 r One - 
dimensional (usually SDS-PAGE) gel electrophoresis 
(1 -DE) was presented. Only one or a limited number of 
proteins are present in each of the 2-DE spots whereas 
many proteins were present in the 1-DE bandTof the 

fi rf f° ,gi C r p,CX - In fact ' ™* Proteus were 
identified from the 1-DE bands than from the 2-DE 
spots (see below, Analysis of complex proteir 'mixtures 
without gel electrophoresis). fixtures 

duSnth^" 1 " 3 deriV r d fr ° m di « esti <™ con- 

ducted m , the presence of equal quantities of H 2 "0 and 

So ?' when f combined with subtractive analysis of the 
two types of spectra, allows de novo sequencing as 

aOaTOFl MatthiaS Wi,m {EMBL) 0« ByS^ 
COOH ?frm n PeCtr ° meter - pe P tides containing both 
COOH-terminally incorporated stable isotopes and just 

he isoform containing the <«0 could be selected for 
fragmentation from the mixture. Subtraction of the « °0 
spectrum from the WO spectrum reveals only '*0 
/-series ions. Often, a complete ion series is obtained 
The method has proved feasible in their hands when 7 
1 pmol of protein is present in the gel (1/4 of thfc • 
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2 DE SSrnT^' F ° ,,0Wing 1 ua ^^ive analysis of 
nrn,t P ' the next ste P is the identi fication of all 

drewGoT 5 S" diffe -ntia] expression An 

proTches th 7 (Pr ° te0me Systems) Ascribed the ap- 
EsTng 2 DP ^ e ?Pj°r g f ° r 1 u »n«t»tive analyst 
using <L DE. This included the following: sample oreoa 

SSSiS??"^ dCtereent with amiS." 

flPC) wl>h •' narr , ow /range immobilized pH gradient 
Z , I m,n, "g e,s for the 2nd dimension through ? 0 
^l^'JST th ,T th 7 h3Ve codeve '°Ped forVpot 

Terse nh^bt*^ ^ (pepUde extractio " *nd re- 
verse phase bead cleanup and storage) and peptide 

mass fingerprinting by MALDI-MS. Apart from the 
nat?on g fe Ut ? thC r ° b0tiC S >' Stem - d ^inished conTaml 

automated spot excision from 2-DE digestion LVh 
ow-salt buffer to eliminate the need or ckaZp) and 

scr°ibe3 8 t h f r aUt ° mated MAL DI-MS. lS^&'£ 
scribed the computational aspects of operating such a 
system .n high-throughput mode for long "S of 

vidual protein spots. The system averages 1 SoS s 2 , ts 
tospectraperdayancludingdowntime) **** 
iJlTi n °" ( Genent ech) described automation of 

rSatefn T S f °; ,0Wing of differentially 

regulated proteins from 2-DE. Arnott described the 
trappmg cartridge approach that was required to ana 

Sirs?' P ? PtidCS fr ° m thG DigestPr ° "*o? (cur- 
rently 30 sample spots, but upgradeable to 96 by 

S ,r P ^ Pressing as possible with auto- 
mated hquid handling from the digestion robot to the 
data-dependent LC-MS/MS (capable of handling 40 

SE P ^ f day) USing an ion - tr «P mas ^ spectrometer 
followed by auto-database searching using SequS (3) 
The S y S tem is capable of analysis of fubpicomolar 
quantities of protein from silver-stained gels 
Ac^rate'Li Sepa [ ations e and *nass spectrometers. 
115TFTlf?r analy ? 1S . 0 l f intact Proteins using an 
(CFuHr C ° Upled , Wth 3 ca P iHar y electrophoresis 
frSff iJ <?u nt Wa f demon strated by Richard Smith 
(Pacific Northwest National Laboratory) as a means of 

labeZ'f 3 " 3 ^^- 1 ; hr ° Ugh the of stable isotope 

an unlfhlH 6 Sa T le rUnning that sam P le wUh 
an unlabeled sample provides the possibility to mea- 

h't ZT e H XP ff reSSi ° n rati0S " T ° identif y the y pro"ns 
yd ? erent rati0S - di «ociation in the FT- 
ICR-MS I to yield mass tags is possible. Having intact 

"aTsla n t£nT 10 H 3 fi S 35 identifica «on allows post- 
translational modifications to begin to be investigated 

said Tl S ^n U 7 aC y 0btainable ^ this FT-ICR-MS was 
said to be <0.75 Ppm which allows the generation of 
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— . ,, 6 mciuae sensitivity soerifiritv ' -'"J F'"iwn present. The nrorpin fr=r- 



. yw«"aIwaysbeIimitedbychernicalno g ise ^tth" ^ 
(with500 T S^ 

sSob/ecUves 3 ' nStrUment * "^^ ™* of the 
The hybrid quadrupole TOF (Qq-TOF) ma « smv 
trometer developed a few years ago(9 whi^Tas E 
been commercialized, utilizes an FSrTr • 
(10). Both ,_! S a " ESI for ionization 



coupled to TOF-MS Tho ? n i -j ■_ 

consisted of nonJSo^^ K'^P^r,?^ 

were anaWH L d ^ CE 3nd MS " Whole «11 lysates 

^1%ZS^: 0 ^ Bria " Chak ^kefeller" 
amounts wor k at to t hl m,nati0n ° f a " e ™rmous - 

graphic steos follnw^w h„ 



visible hanH i JUJT/iljt 'rom which every 

visible : band was excised and analyzed by MALDT FT 

Sfssr^ss* tszzx h «r 

transiting the NPC at th»f « -T? he P rote,r, s 

wdj> penormed on cells tran«;ffH-t<»H ,„!tk *u J 
struct* pi«w.-„ - <*nsrected with these con- 
structs. Electron microscopy of hundreds of NPC* 
following transfection allowed stolchionSt and svm 

mined ^fy° pl * midas y m ™«™* be deS-" 
mined. Subce lular fractionation and high-pH extrac- 

StE htl~l" ^her^raSS 



™ e m ° deI f ° r nudear transport » be 

efnciencyionproductlonof tlKMALDlandfetaSlilw „ZT exam P',f ° f «« "MWy of analysis of unfraction 

splicine. SamnlM 



0 OOOresohVt „n tL ° ' Imo1 for MS/MS wit! 

most often achieved using ESI-MS. Barry KaTer m a i 
nett Ins .tute) described how very small quamTties of 
pepfdes/proteins could be separated and ana vzed 
using vacuum deposition onto Mylar audio tape for 
subsequent coupled MALDI-MS analysis The an 
f 2°c a ap h i.Se S s 0 ? ^ ^h'he efflu nt S 



w r e iSe'nS, to" 0 ^ to be r sent in these 

ESTs ?SSiSf ther ^ 19 n ° Vd 8 enes deluding 
in the ICC hJ 6ene ! WCre confi ™ed to be present 

fated JSh mm n nOhlSt0ChemiSt ^ of cells trans- 
lectea with yellow fluorescent protein (YFP)-fu<5ion 
constructs with counter staining oLpli L Srs Tne 
other study presented identified 108 prote ns present 
a™ £25 ^™*J***<™ -o.atedmiKn 1 



f , np tl t. uuuer vacuum onto the in a nrntoir, iwo proteins present 

ape. The approach is designed for high-throiwhmrt dril KSf 2 u' 0 " ° btained from isoIat ed mitochon- 
separations and mass analysis. g nr ougnput dna treated with atractyloside [mimicking in vitro the 

Proteornic analyses often employ 2-DE but David ^ ^ ^ V transition PO^e complex (PTPC) which 
Lubman (Univ. of Michigan) described a liouW-SS Z, ""f aP ° Pt0SisJ (13) 

2-D separat.cn of proteins utilizing a novel MS Trie ° f ,mmuno P'-ecipitat e s using a new affinity 

tfvitvTT° fhiSma " The nf w W f Pr6Sented ^ Gitte Ne ^auer (EMBL)" 

SnTbuI?"^ Cyde - faSt reS P° nse - He dei" eV p^ificaln ^ is / eferred as tandem affinity 
and bu.lt an ,on trap to capture ions from the CE EMB1 Tl ? } ^ W3S develo P e d by colleagues at 

(15) - The s ^ stem utilizes a double tag for higher 

http://physiolgenomics.physiology.orp 
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spec.fic.ty and much reduced background. The human 
sphceosome .mmunoprecipitated under normal condi 

nRNpf I h 5 f V ame a PP roa <* with yeast tr - 
snRNP) and using the TAP method were compared 
demonstrating the utility of this approach 

The common theme of all of these applications is that 
MS was util.zed early on to provide rapid and accurate 
protem identifications. The genes identified cou S then 
function ana,yZCd t0 attCmpt t0 dete ™™ their 

The use of MS to identify proteins from 2-DE gels was 
also descnbed by Al Burlingame (Univ. of California 
San Francisco) and Reid Townsend (Oxford GlycoSci-' 
ences). Burhngame described their work to identify 
protem targets of acetaminophen during acute toxicity 
and the intricacies of such analyses (14). Townsend 
descnbed an Oxford GlycoSciences and Pfizer collabora 
t.on to separate by 2-DE and identify proteins from 
cerebrospma fluid (CSF) in a study aimed at iSnUft? 
mg markers for Alzheimer's disease CSF is a compart- 
ment isolated by the blood-brain barrier but it is not 
just a filtrate of blood. It is produced by the choroid 
plexus and has a total central nervous system volume 
of about 90-150 ml that is turned over a few times per 
day. Comparative analysis of matched plasma CSF 
samp es (in addition the normal/diseased samples) 
revealed that key plasma proteins (e.g.. albumin. JaS 
fernn. IgG) showed markedly different relative ratios 
between plasma and CSF. For effective 2-DE analysis of 
these samples, a selective removal of albumin IgG 
transferrin, and haptoglobin had to be developed This" 
was accomplished by affinity depletion. Interestingly 
many features in a 2-DE separation are albumin fra^' 
ments (,r> fact. 4% of total features). Their study 
included 5 1 2 samples from 228 patients'and result^ in 

H of A 6 .^ 5 ^ ^a^ted. Potential mark- 
ers of Alzheimer s disease were said to be identified 

Separate from the MS identification issues covered in 
most of the meeting, Kerstin Strupat (Univ. of Muen- 
ster) presented her work on MS analysis of noncovalent 

KnT 65 - ? ere ^ Cha,,en e e is t0 transfer "oncova- 
ent interactions that occur in the condensed phase to 
the gas phase. ESI-MS has been shown by a number of 
groups to work but MALDI-MS analysis has proved 
more difficult. Examples of MALDI-MS analysis of 
noncovalent protein: P rotein (streptavidin tetramer and 
the macrophage migration inhibitory factor related 
proteins MRP-8 and MRP-14) and protein ligand ^ 
dose reductase.NADP) interactions were presented 
MTni mI'* an , a, ^ is r of the 'aser pulse during a 
MALDI-MS analysis often allows investigation of non- 
covalent interactions that are not observed during 
subsequent pulses (16). g 

»ii n ,?! y l iS ° F C °ZL p}e l protein mi *twes without gel 
electrophoresis The first stage of many proteome 
projects .s the identification of the componemscompris 
•ng the system under study. This is of course the first 
step in understanding any biological system. As de- 
scnbed above, an increasing (but still limited) number 
of laborator.es have access to robotic systems requisS 
for the analysis of large numbers of spots from 2-DE. 
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However, a trend in the field is emerging toward the 
e immauon of the high-resolution protein sepa at on 
step prior to protein identification by MS In this 
approach, the entire enriched protein fraction is enzy 
matically digested (usually with trypsin), and the resuT 

ZenZ Tc^ TT is -^cted'tTat a- 
aependent LC-MS/MS. In this approach the Deotid^— 
are separated by both hydrophobic^ (RP-HPLC) and 
charge (nVz in the mass spectrometer) prior to *on~ 

Z^Sn^At th^ SOftWare ('-ce °da a 

aependent). At this meeting, presentations from five 

groups demonstrated the utility of the apprSJh to 

identify components of complex mixtures 

Analysis of immunoprecipitated proteins or enriched 

protein fractions (e.g.. Golgi complex) by either ee l 

d o7S S e f0, !° Wed ^ in gel 4^ion y and K 

digestion of the entire protein fraction and analysis by 
data^ependent LC-MS/MS using a Qq-TOF was de 
scribed by Jyoyti Choudhary (Glaxo Welfcome). Ba tc h ed 

£rfm flS" T ^ S6arChed USi "g the Mascot pro 
gram (http^/www.matrixscience.com) Data ore 

sented showed that if the immunoprecipitate was cle P an 
then direct digestion of the mixture VovedXhtJv 

Sins Wh CeSSfUl th3n . 3nalySis 0f 8^1 Separated p o y 
tems. When an enriched Golgi complex from rat liver 
was separated by either 2-DE (135 spots) or 1-DE (77 
bands) and ingel digested followed by LC-MS/MS 
significantly more proteins were identified from the 
1 -DE separation. 

David Arnott (Genentech) described the proteomics 
component of Genentech s Secreted Protein^iscTery 
Imtiative. which also includes genomic, signal trip 

t^ SSW ?u T 1 fUnCti ° nal anal ^ Sis Arnott evaluatTd 
three meth ods to identify proteins secreted from hu 

^nMPr^f Ca L mkr0Vascu,ar endothelial cells 
S C i m, » 6() ™l of serum-free media; 2-DE and 
1-DE (with/without staining) followed by in-gel diees- 
Uon. and direct digestion of the entire protei^mixture 
ana T yZed USin « the mkrocapillary system 
ZvZ^i 0V j- lnt r^ tin ^ direct digestion followed 
teinf h , eP ?, nd ! nt LC " MS/MS identified the most pro- 
terns, but a 1 three methods were complementary in 

^ L ^ 2 f r ° teinS identified b * 311 three methods 
but no completely novel gene products) 

etS™ ° f SerUm fractionat ed using the Cohn pH/ 
ethanol P rec.p,tat,on protocol followed by digestion of 
the entire fraction prior to data-dependent LC-MS/MS 
uZT™^ by ClaUSer <Mffl«nlum Pharmaceu 

Stwln" M e , C ° nteXt , ° f the studies of differences 
between wild type and ApoE -/- mice. Clauser also 
presented the bioinformatics flow for data handling. 

T»J iJi !/ Z6S 3 Variant of the P ublic 'y available MS- 
Tag (http://prospector.ucsf.edu/) for protein identifi- 
cation and a de novo sequence interpretation program 
referred to as SHERENGA (2). Their stated aim is for 
searching to keep up with the LC-MS/MS. They have 
nrL be f" ex P erim enting with the IEX ion-exchange 
protocol developed by Andy Link (7) as a means of 
decreasing the complexity of the sample and reducing 
the number of singly charged and highly charged ions 
as these are less likely to be identified. In one IEX 



64 



fraction. 87 plasma proteins were identified in a simile 
run compared with 66 from an unfractionated sample 

^eXr^ 

MS Tn ^"h T tUrC " ^ ra S m ented during LC-MS/ 
MS. To achieve th.s aim. various affinity methods can 
be employed a nd the use of cysteinyl pepUde capture 

reagent, ^-I6-(biotinam]do)hexyIj-3'-(2'-pyridyldithio) 
propionamide (HPDP-biotin). was descr^lS The 

tZL ""2 in 3 ,ar 6 e " s «le analysis of urinal 
proteins where digestions of the unfractionated s?ar7 
•ng material albumin/IgG depleted, or cyste SJl S- 
tide captured or noncaptured were analyzed The 
samples were analyzed with replicate LC-MS/MS rum 

ruT g th?r W maSS rang6S f ° r i0n *lectSfo?2S 
run. thereby increasing the number of unique spectra 
selected for fragmentation. This analysis resuked [n 
the identification of over 200 proteins, including a 
number ^of ^characterized nucleotide sequences^ 
ESTs). Smaller scale analyses are described above In 
one case [soluble intermembrane proteins (SIMPsH 
utilizing cysteinyl peptide captured ident fy more 
f^ e wVl an W l th "° fracti °nation. Data handling^ 
this high-throughput effort was also briefly described A 
number of the fractions being analyzed have SnS of 
the same components; therefore, to enhance the identi 
fication process spectral matching of the database (> 5 
m.ll.on spectra) is performed. This links identSspec 
tra and therefore reduces the redundancy aTsociatTd 
w.th re-searching already identified spectra 

J^SSSZ^?^^" "^electro- 
phoresis MALDI-MS, using the surface enhanced laser 
desorption ,onization (SELDI) surface, to searcher 

t„f w m K rkGrS £ bi ° l0gical fluids was Presented by 
Scot Weinbeger (Ciphergen Biosystems) In this ap 
proach. defined chemical/biochemical surfaces are uH 
hzed to allow fractionation of proteins ftSStlSSeSl 
fluids ,„ a reproducible manner. This reproducYbl Sy 

m irw 0mP ^ riS ° n ! bCtWeen different sampled to S 
made. Weinberger described the search for markers of 
benign prostatic hyperplasia that, like prostate cancer 
displays elevated prostate specific antigen (PSA) levels 
The fraction exhibiting a difference* between these 
samples was able to be enzymatically digest and a 

Ep ST P ^ t,d6S W6re 8 enerated - T^ese were ab?e to 
til Tl n l ed US ng the MALDI Q^TOF °f Standing 
described above. It appears as though there is a differ-' 
ence in the relative level of a seminogelin fragment 
be ween these two diseases, providing a potent aldS 
ential marker. The method is sensitive but apparently 
1-mited to analysis of proteins less than aboutZO kDa a 
range not well characterized by 2-DE) 

"v^uTzd^" geVMS 3ppr0ach referred » ^ a 
of M^hi i 8 i T 3S presented fa y Phil Andrews (Univ/ 
o Michigan). In this approach, proteins are separated j 

(IEF ) and'th-^T t S in ,ayer iS06leCtriC focusi "g 
(Ibr). and this gel .s then subjected to MALDI-MS. By 
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generated fiJ MALDI MS ^tra can be 

generated (hence, the virtual 2-DE). Such analyses 

greatly assisting , n posttranslational modification 
analyses as well as potentially quantitation, 
scribed £f- USe £ (Mi,,ennium Pharmaceuticals) de- 

£S ^.S,^? a,ready existing LC - 

Qualitative i„f a " e t m P t to g a, n some quantitative/ 
samnL, n-ff mat, ° n as t0 differences between 
w lXpe anTZf in / SerUm ^ ,eVe,s ^ " 

225^3?? identified bet " een LC «I 

task but Zl C ° m P ar \ son bet ™*n runs is a difficult 

dence to state there ls Sufflcient "* 

aence to state a significant difference if there is a 

*"* of 3 between «™™ a f 

Gv A « n f^^H'T" 1 system was bribed by Steve 

reagent (biotin). a linkL region te or Jwofo^faS 
ac3 ^ thi0, S P ecific r -gent. iodoS 

S "th i u reg, ° n enCodes the ma ss difference 
with the hght version having 8 hydrogens and th. 
heavy version having 8 deutfnunj. Zs t h e m aS 
difference * 8 mass units (doubly charged ions wS 
have an ^difference of 4). Following rlducUon and 
a kylauon of each of the two protein sample w ° t h ™ 

tl^°Au7T S - tW ° Sampks Can «* mixed 
together. All subsequent manipulations are performed 
as a mucture. culminating in tryptic digest ToTthe 
complex sample and capture of the cystfiny Peptides 

r . LC : MS/MS - revealing paired signals of pep- 
tides. Calculation of areas under the peak for «ch 

£3 ZlT^ LCMS data *™ id * S a " Curate 
. I hC re ' atlVe q uan tities of the proteins from 
each starting sample. The MS/MS spectra allow ident? 
fication of the peptides. The approach was eTe Kan t v 
demonstrated with yeast grownon dth^2ffi 
conta ining dja or ethanol . conta . n m | dia aCt £ e 

Sed e Tnd Ct ? ?, be differe "tially regulated were ob- 
served and highlighting the advantages of analysis at 
the protein level as opposed to the mRNA level feg 
S^SS If?™ de ^ dr °g ena ^-l (ADH1) was Tound 
whkh P r95% y h egU atCd f« «l«tedj to ADH2, to 
I™? I r h °™l°gous. This is a very promising 
approach for quantitative analysis of complete protean 

at'rhpTi'K ° f int !T estin g Powers were also presented 
at the meeting, and some of the presenters were given 

withT/ ""'^ t0 '^T" 56 " th ^ r P° sters " The - d ea" 
sTssions range ° f SUbjeCtS Presented in the oraI 

JoSSth °^ aniz ^ R ^di Aebersold and 

John Stults brought together an excellent program for 
this meetmg. with essentially all major laboratories |„ 



nresenrpH *t th ^ years, and advancements 

presented at this meeting indicate* • . 

the future for proteomics Thi. °P tlm ' stlc v 'ew 0 f 

provided th P I K? I t ? ^ Very succ essful meeting 

provided the J 62 attendees with the state-of-the-art in 
mass spectrometry and proteomics 
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(CANCER RESEARCH (SUPrU. $*. ™ l*-27ll». hUy I. IW| 

Considerations in Bringing a Cancer Biomarker to Clinical Applicarion^^^n^^ 

MelvynS Tockman, Prabodh IC Gupta, Norman J. Pressman, and James L. Mulshloe fety-t^tf 

^^ofM^ntolH^ik Select*, ^^^Sr ff WIW«*k rVa-iyfraata 19104 /A K. WCMSfrmt /-tfrnuri*** U 

Biomarker Identification and Selection 

Abstract 

Wfic challenges face our application of emerging biomarker, to The process of bringing these (or other) biomarkers from the 
eartylong cancer detection. These challenges might be considered froo- | ab oratory to application in human populations requires new 
tiers to be bridged between established biomedical disciplines, re<iolrlng ; n$ ; g|u al f our frontiers, i.e., research domains which overlap 
expertise often beyond the range of Indiridoal Inresttgators. Cross- traditional disciplines. The domain of biomarker iden- 

disdplinary research already has led to new appreciate of the mecha- ( ;fication f a( | s primarily to the tumor biologist who, in seeking 
nisms whkh underlie the pheootyplc expression of the transformed ceu ^ fof ^ d <t€Ct ion, finds himself confronted 

and places within our grasp the tools which might lead to ao»eta*M early fundamental issues: (a) to provide a clear definition 

lung cancer detection. Prior t. . the Z of the end point for which the puUtive index is a marker, (b) 

scribed markers, further cross-dlsdplinary research must (a)i rttor the 01 i~ specimen from which the marker 

^^J^uSnJ^t^actTud (<0 eoofiro marker predictive 0 r background) range or marker variability. 
^St^te^to^k- End Point Definition. The new paradigm of carcinogenesis 

rslo e to prospective popo ( muUistage roodc | which has potential genetic or 

Duringthe ,960s.nd 1970s, the only clinical marker avaiU 

abletotL-tectpulmonaryneoplastiechan^ So„^ 

of morphological atypia .n '^^^UkS^oSk emerge as markers of this earliest stage of carcinogenesis <al- 
microscopy (I). We now know that c^omorpholcjica^tena emcrg ^ ^ Utcr at the stage of tumor pro- 
alone are not sufficiently sensitive for lung «ncers^emn^ £m*UK>e^ ^ families of oncogenes, ms. ra/. 
The three National Cancer Inst.tute^^rcd d .meal trials £^ on ^/ d ^ ^ associated with human lung 
(at Johns Hopkins University. Memorial Xactrvation sequence defining which «, 
pitaU and the Mayo Clinic), have demonstrated, ^be involved with the earliest stage ofcardnogenesfa 
high-risk participants, that chest radiography *«d <* f^™ been established. Kww expression has been frequeotlj 
totogycandetectpresymp^ SScc^Vb^nchial adenocarcinoma tumor tissue (II. 12) 
ticularly carcinoma of the squamous cell ^type (2-5£ Hhgher ^ ^^^s^for both eariy stage (13) aw 
rcscctability and survival rates among the study ^ u P^f"' n discasc U4 ). Elevation of cwn^c expression has bed 
the controls did not translate, unfortunately, into lowered (over- ^^J^^ delation and loss of terminal differ 
all) lung cancer modality. Less than 10% of lungcan«rs.n he ^J^^u mi - m sm all ceU tumors (15). Hel 
early lung cancer detection trial were ^^^^^ |J? W amplification and rearrangement of m, 
sputum cytology. Length^iased sampling, 1 ^™™^J™ Jcogenes suggest that activation of these oncogene 

25235^^ 5 " io during UMnof ^ 

biology, new tools have emerged with a greater potential to ^jS^ZwdDc chromosomal regions by restrict* 
Sfrmarkersof neoplasia in the sputum. J2j5&%SS5*S* Yokota *N«L (17) has fo» 

Table 1 (adapted from Ref. 8), a variety of ^gi^ tools fopnent ^^^^ (cxpKSS loa of only . sm. 



«trt)- bail cancer rfrtfrfwxi 

Di(rereniU«lo« nurkrn llfwBpM "J^*"L wr fxt««(| 
Specific lumor product, mudnt. m.lox protcmv MriKU«i 

DNA ploldy 
Polytmloe* 
Nucleosides 
Growth faclon 

Oncogene* or oncogen* producu 

Cytogenetic ctunges 

Specific chromosomal deletion, or rearr.ngemenu 
DNA repair eniyroes 

DNA »<Mucts • 

* Adapted from Ref. ». 



CLINICAL ArfUCAHON OF MOMARKEKS 

In our recent report of successful immunocytochemlcal stain- 
ing of sputum samples for early lung cancer detection (27) we 
extend the directions suggested by Saccomanno et ol (I) and 
Hakomori (28, 29). Tockman et at. (27) used two lung cancer- 
associated monoclonal antibodies lo stain sputum specimens 
acquired in the course of the JHLP component of the National 
Cancer Institute-sponsored early lung cancer detection trial. 
Approximately one-half (5,226) of the 10,386 community- 
dwelling, high-risk individuals (males, age >45 years, and cur- 
rently smokers of zl pack/day) had been randomly allocated 
to receive cytological plus radiographic (dual) screening. Mod- 
erate atyoia was found on one or more specimens of 626 (12%) 
of these individuals. The first atypical and all subsequent spec- 

whe „ever mamma.ian cells respond to rfijg*^ ^^^^^^^ 

nduce growth and maturation of human ^Jf Jf£ groups consisted of specimens that 

culture (22). A functional ^™£ m ^ toSJLSlS moderate a. ypia; most (n = 537, 86%) of 

ceptor recently has been Isolated from human small cell lung ^nsira^ i j ^ |} 

Srcinoma (NCI-H345) celk (23), ^SSti^lSSS^ Soever U bta££t " observe that from the 40 (6.4%) 
have been found hvthe *E£S^^K!5S£ 2SSS who £■ progress to lung cancer (group II), al four 

leads us to suspect that cytoplasmic and cell surface pttatt cancenjhe m^onty o ^ y ^ rf 

f^Sffii^^^SWE ?£^id^y^^ 



^ = * 5 be recognfced 

Sore tumor tissue can be clinically -**2^ 
Immunization of mice with lung can«r-assoc«ted ant I ger^ led 
to the development of antibody-producing hy°ndo«nasl from 
whSJmoToclonals were selected by their preferential reactivity 
wSftumoTcells over normal cells <ft 
antibodies selected for our analysis exhibited the best reactivity 
"St SC& and NSCC cell lines and clinical spec.mens (27) 
Hatomori has noted that there is no unique, -tumor^peafic 

structure responsible for to***, 
associated antigens (28), although Hakomon (29) and ouiers 
SS^vVsh^wn thai many of these differentiation , m»*en ;ut 
defined by carbohydrate antigens. An example H«komori (28) 
Sb^.Wrtgubted 

limited expression in mature tissues. While highly expressed £ 
the tumor cell surface, these tumor-associated antigens are 
a^nttoprTgenitor cells and show limited egression on o her 
Sal tissues. Monoclonal antibodies may recognize either 

S*S» antigen density or • ^"StKbSSfi 

inA„<*k hv the hteh density. It is believed that this antiooay 
^rf.W* confo-mation *^ J"™ 
Sicily (28). Expression of such tumor-associated antigens 
- ^SXL^^c^n of the polmtwy £• 
Slcells Activated oncogenes coding for transcription fac- 

ers such as the carbohydrate structure SSEA-1 • Alwn^yeiy, 
SSEM epitope expression might be the result of unspecified 

^fran Enal eSxyme modification (29). 
phosphoo'lation,forexample.hasbeensuggestedasareve^ 

mechanism by which to modify the activity of cellular proteins 
(31). 

Uns Uing Project: DAB. dUmtaobeiuMme. 



exfoliated at tne stage ui muww . M . ~ 

Si correlate to a neoplastic stem cell capable of differentiation 
into all four major cell types of lung cancer. 

Murirmo^oclonal antibodies 624H12 and 703D4, which 
bind to a glycolipid antigen of small cell (32) and protein 
antigen of non-small cell lung cancer (33), respectively, were 
applied to the alcohol-fixed (preserved) sputum vecura ; 
tected from JHLP participants with at least moderate atypw 
wholater developed lung cancer and from controls whodjd 
Z. immunostaining was applied to the cari^ preserved 
specimens, using a double-bridge immunoperoxidase technique 
SXunytated DAB chromogen 
Individuals who ultimately developed lung cancer 
a Suvity of 91%, 2 years (on average) before the clmfca 
^^ofneopliia.S^fidtywas88%among specimen 
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Moderate atyp»f 
Croup 1 atyp** < marked (x2) 
No lung cancer 


626 
537 


100 

86 


Croup 11 atypia < marked <*2) 
Squamous 
Small cell 
Adcno- 
Large cell 
Other, mixed 


40 
12 

9 - 

7 
8 
4 


6.4 


Group 111 atypia > marked (x2) 
No lung cancer 


3 


0.5 


Group IV MypU > marked (x2» 
Squamous 
Adeno 

Urge ceil „ 


46 
41 

3 
2 


7.4 



•Adapted from Ref. 27. 
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v wr*ivrt%- - 

MfadhMu* who remained free of lung cancer (Table 3) J^ff^^^^^^m^ 

(2 2Wr investigators (25, 35) have shown that oncofetal and- — ~ 

expression is not limited to lung cancer. The epitope or jwnftetonr „ 

ITeI- .TS^yiied ceramide pencas^haride (lact^- gg* ^ „ 37 

coixntaoselH), was found to be immunodominant for mouse- n . «> « 

nancies. The contrasting expression of lacto type II *« t, e« n *'" Toul V> « 22 

^SS&m SS- expression is correlated with nudeax . ppr0 , lm ., f „ , - ^ rf d«- c.™. 
S»~^^»"-W fre.en.of.homo.gousrare.UeleofP^Mgenew^ 

ffiSK-t- - of tumor growth and response to the e^(^ 

i^hasisinthissectionuoonmarkersof^ iaSicile host exposure/susceptibility b^t are no. expected to 
r J^ltMOMk was intentional. Evidence of a transformed h ( Jtagc$ of | ung carcinogenesis. 

^^SS^5«i««ocl«««* antigens, oncofetal ^S^logisU [have long been aware that multiple sputum 

S f^c?sJecific chromosomal deletions, has dear sp «i„K„Tn«y adequat^^ 

hEcal DlaTsibilityas a marker of preclinical lung cancer. In ^ particularly for centrally locate^ lesions (45 , it ts not 

JS^iSSSfciHws of gene damage, DNA ad- £ t ^ no ^^vely whether, focus of P reneopU*.a ™y be 

%£ShZ^^ adequately represented in the sputum. Nevertheless, there is 

£ .h« of evidence of gene transformation, might ^ ^ w e¥|fcnce lhat pre neoplast.c cell markers are 

( tl } ' -S^^is rf»POSu« or susceptibility. Suscepti- JSle in the sputum. Frost et aL (6) have shown that the 
SSSt£^£Sll« whereby subgroups of ^S^to-^^^ 

«fhl^ slmikr individuals show an enhanced disease re- * ,hc more likely is the sub^tient diagnose of lung 

otherwise simito . ""J" (4|>< Marker selection depends *£J* Tbt 12% of the dual^creened part^pants in the Johns 

^S!S^^^^^^^ SopTins^ariy detection trial who ^^J^^°^. 
T FaZ~S* discaseand markers of enhanced group risk v . atypia accounted for more than one-third <86cf 233, 
ol mi ^^^™Xdi*zst can be validated, then ,„ ng cancers which developed over the»bse«uent 




Mill cells iccowreJ to ibe sputum nay provide imemetale fcjaltafi oteemJ 'V^'T^jTlieMse oTobufoing 
of the P450IA1 gene with lung cancer (44). Aimo g ^ 



CLINICAL APPLICATION or 



, , A„n~r „i« from individuals with high risk of lung cancer for histolog- 

.nalysiS of association between marker frequency and _ cancer pies iron, su ^ u€nt cas « tnd controls for validation 

SouW be made upon the data of the enure study P«riria«. "JSr^wte strifes (38). This irrefutable link between 

St by subgroup analysis; (»> conside * ^ «J^2£ ISenTmarker and subsequent acknowledged disease is the 

nation for a positive assoc.at.on; (c) .f bus can* -«<*^ ^ f valid i n , crmftJia , c end point, 

then inspect for a data-derived hypothecs to account for the essence 

• //A ,«i ihe data-derived hypothesis on a fresh cohort 

HSSii * ^validity oftJe Lrrr hypothesis before its Quan(l(lltiv e Criteria for Marker Presence/Absence 

publication; and (e) assure the biological plaus.b.l.ty or the ^ ^ ^ ^ 

data-derived hypothesis. n . M . Fn j c ;onifir<; that a Qualitative presence/absence criterion 

Points. Following selection 01 a owjn«^i, « , ^ nc " . . lfl/ > /WMonment of rigorous quantUative cntena for 

r Ung ( L'i-S SSJn anSy selection was further en- ,he host ««. in the degree of cytolog.cal atypra). and » the 

k!1LS im - Quantitation of marker uptake. 
Iwnced by modifying the avwm oioiin P c . .. f • Automated cytology systems are able to augment human 
mU T^o^ abCto delecTand^ret biologically significant cellular 
entails the addition or a secono oiounyuicu » , , chances (6, 55, 56). Automated instruments are 
biotin-peroxidase complex reagen « J^'J^S^ capaSe of deSing spectral characteristics of stained cell- 
secondary immunoglobuhn ffiSS uUrprote r£ DNA conteV^ and ploidy (57-^1). Commercially 
plied and increases the sue of ^"^^^^SSS Sa^ integrated, optical microscope, and computer systems 
theantigeaand the enzyme 'S^'^^S^SSS- a^a^WeTenable the pathologist to recognize morpholog- 
reactkm. This method has been shown to enhance immwo- « "Jj*^^, mar ^ ers for ^ tumors of the bladder, 
staining in both Saccomanno-fixed cytologic*! and paraffin- ^^ff^^ v ^^^^ M ^ 

embedded histological tissue. lnAiMltl > how well a Hodekins lymphoma (62-72). However, recognition of bio- 

The terms sensitivity and spec.fic.ty .nd.cate I how weU a Hodgk.ru WW * represents a new departure 

particular biological change indicates a disease (^ cancer) markers ^P^ p ^„berg et 1 (73) have focused their 

^J£^'2^«m^ morphometryof 
marker to specimens from one group 0{ ^™™™*™™*l -Cicalcefc in sputum specimens, leading these investigators 
will develop) the disease and to specimens JoThTde^topmenl of a "cell atypia profile" which may prove 

wtodomaandtlKncomparingtlKr^ ^f„| asTmaricer of carcinogenesis iT validated in clinical 

sensitivity refers to the proporuon ^~£2£ f 'E2 SedmSs suTas those available for the present study, 
all those with/who develop cancer, whrte ^preliminary analyses have focused upon quantitation of 

proportionwhosuinnegatr«among^ J£ r jS„^ properties (spectral signature, optical tex- 

canctr (52). The more sensitive an .ndicator « for . ur T^Sphology) ofboth labeled and unlabeled malignant 
tr*moresi»ccuTcitbforthatd-.^ ceul Pr^cLacSration (I*, marker recognition studies) 

as . test. In contrast to -predictive value" « *f*£ ^n^mplished initially by ^<^ing spectral analyses 
ratc-thesensithityand specificity ™«^*"gJ ,,C * ^"^(SCC and NSCQ ceU lines, prepared using the 
even when different groups or populates are tested (53). « v technique for spatum cytology, followed 

The essentialelement of the validation of « ^*"»™ "Jf f^unosuining and methylene blue countersUining 
marker is the ability to test the marker on 5 specimeTwhkh have been incubated with and without the 

obtained from subjects monitored in advance of c mica 1 cance ° r s ^™ n ibod {(Qt and ncga tive controls, respec- 

and link those marker results with «*^< P™*^,^ 

confirmation of disease. The experience ^J^f*** (**, texture and DNA content/distribution) fea- 
NationaiancerlnstituteearlydetectiontrialatJohnsHo^ J™ 0 ^ a Uy^d with conventional univariate statistical 
neain is instructive That study provided an archived jpank_gl_iurgs were an^iy 

sputum specimens with a record of the ?™}™™™"Zc 't^raTsignature. Transmission spectra were obtained over 
term follow-up for the patients from whom the spec'mens were * , 4 00 to 700 nn.) for mult.pte ce Is/ 

obtained (3-5). Clinical follow-up for an »yerage of 8 years *cj.*We spm i ^ lo optlca , 

from specimen collection was available for alT o the 62^ , ^ ^ / and u$ed t0 ^ he van. 

viduals who showed moderate (or greater) atypu (27£ H.sto- dens w Pec characlerislics of , he probe within slides 

logical slides were obtained for almost every caselrom^ biopsy ^^ kte P ^ |llH , llj) and between slides (te, , mtersl.de 
or autopsy to confirm the link between the interned^ end Thcsc s ^ ral studies wcr e performed to 
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Rg. I. Comparison of log optical ^*^™?J^Z^ iSSto 
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■endenthc negative controls maKlmally optically dense at approxinuCdyWO 

«4dhht constants, so that one cannot compare differences m absolute optical 
lenstties from these datt. 



sample of 18 measured cells Including an additional 6 control- 
positive cells and an additional 6 cells from the sputum of 
patients (Fig. 2). 

Morphology. Morphometry studies of cell areas and shapes 
were conducted by measurement of nuclear area and total cell 
area and by analysis of Fourier coefficients of closed linear 
contours. Area measurements were evaluated after normaliza- 
tion to jitn 1 units. Shape was quantified using simple parameters 
such as P**2/A and by the Fourier coefficients of the closed 
linear contours that define the cell boundaries. Results showed 
that manually traced cell boundaries were reproducible com* 
pared to intercellular or intcmuclear area measurements, al- 
though the shape of manually traced nuclei varied more signif- 
icantly from tracing to replicate tracing. Results also show that 
the shapes of the cells from the sputum cases sampled were 
more irregular than those of either positive or negative control 
cells. Fourier analysis was tested on these data and demon- 
strated a potential for discriminating irregularly shaped nuclei 
from those with more nearly round shapes. 

Features with demonstrated discriminatory potential will be 
compared by correlation matrix analyses. Multivariate (evg., 
stepwise linear discrimination analysts) statistical techniques 
will be used to produce discriminant functions that combine 
relatively independent (U. f orthogonal) parameters. Training 
sets will be used to generate these discriminant functions and 
the functions will be tested on test data sets to determine their 
prognostic value in differentiating atypical cells from patients 
who subsequently developed lung cancer from those atypical 
cells from patients who did not 

Biomarker Confirmation in Population Specimens 

While the overall sensitivity and specificity of sequential 
staining of replicate specimen slides with cither of the two 
monoclonal antibodies are quite high (Table 3), it is apparent 
(Table 4) that the existing estimates of antibody sensitivity for 



microscope in the Frost Center Laboratory at the *tas 
kins School of Hygiene. The log optical density spectra of 
probe-negative and probe-positive cells were cotnjwj Results 
show that positive and negative cells are maximally different ^ 
approximately 510 nm and at 600 am. These ^lengths 
mutually discriminate DAMabc ed cells from «d Udedflto 
counterstained) cells given the estimated vanabil ity abated 
with both the control specimens and their P*^ Uo «™^ 
A spectral ratio parameter was tested successful y with respect 
to its discriminatory potential to separate co ntrol-negat ive cells 
from control-positive and sputum-derived Narr^and 
dual-wavelength optical scanning appears to be a powerful 
approach to discriminate probe from counter stain, according 

^OpdlllTixture. Optical texture was determined quantita- 
tively by measuring statistical moments of the frequency distri- 
bution of optical densities within the eytopb»oC ^indmduaL 
cells. The frequency distributions of cytoplasmic optical densi- 
ties may be useful for cell class discrimination when the histo- 
gSms are normalised for cytoplasmic area. "™r™™? d 
the variation of absorbance measurements within cells and 
Iplasm show that the cells under investigation have variable 
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Non-mult celt antibody 
(70JD4) 




Small cell antibody 
<624IU2) 


Cell type 


Seniitrvlty 
* (%) 


95% CI* 


iY 


Sensitivity 


95s n 


AoVoo 
Squamous 
Larrecell 
Smalt cell 


S 60 
12 S3 

4 50 

5 100 


14.7-94.7 
51.7-97.9 
6.SO-93.2 
99.5-100 


5 

12 
4 

5 


0 

25 
0 
100 


0.00-0.05 
5.50-57.0 
0.00-0.04 
99.5-100 


• Adapted from Ref. 37. 

• CI, confidence intcrvit. 



Table 5 ScmpUshfrtquirtdfofsrMfdraiuacfunsi^ 
(*i(h 95% confidtnet limits fixed at ±1) 



Sensitivity 



*«4S 



99 



95 



91 



80 



70 



60 



50 



95-100 

91-99 

87-94 

76-84 

66-74 

$6-64 

46-54 



Sample 




Sample 


size 


4-6% 


size 


24 


93-100 


II 


114 


89-100 


50 


197 


85-97 


87 


384 


74-86 


171 


504 


64-76 


224 


$76 


54-66 


256 


600 


44-56 


266 



"~M^SE*-«,<oi*-luir the r«ng« ofconfi<k:nce imtfv.1 .« each »crsilivi<)-). 

each lung cancer cell type suffer from small numbers of obser- 
vations. TMs is illustrated in Table 4 by the wide confidence 
interval around the sensitivity estimates. 

Using the binomial distribution it is possible to calculate the 
sample size required to estimate the cell type subgroup sensitiv- 
ity more accurately. 

(Z * «/2>* *</»*?) 
Sample size = JJ 



900 of these patients will be recruited to provide informed 
consent and undergo questionnaire Interview, forced expiration, 
and sputum induction. One year of observation after the 3-year 
recruitment period will provide individual patient follow-up 
periods of 1-3 years. Diagnosis and treatment of second pri- 
mary lung cancer will follow standard clinical practice. All lung 
cancer diagnoses and all causes of death will be clinically 
confirmed with pathology review. The sputum specimens will 
be stained by routine (Papanicolaou) and immunological meth- 
ods to determine the validity of morphology and tumor-asso- 
ciated antigen detection independently and together for recog- 
nition of second primary lung cancer. Specimens will be pre- 
served for the validation of new and refined markers of the 
earliest stages of carcinogenesis. 

Summary 

Developments in tumor biology in general and monoclonal 
antibody recognition of tumor associated antigens in particular 
hold great promise for detection of the stages of carcinogenesis 
well in advance of clinical cancer. However, prior to our appli- 
cation of emerging biomarkers to population-based early lung 
cancer detection, we face a series of collaborative research 
challenges. These challenges might be considered frontiers to 
be bridged between established biomedical disciplines, requiring 
expertise often beyond the range of Individual investigators. 
Prior to the successful application of newly described markers, 
further cross-disciplinary research must (a) refine the selection 
of biologically appropriate markers: selection of valid markers 
of the initiated cell which appear in clinically accessible material 
is fundamental; (b) validate such markers against acknowledged 
disease end points: the use of specimen banks to validate 
existing and anticipated markers will be essential to rapid 
progress in the development of intermediate end points; (c) 
establish quantitative criteria for marker presence/absence: the 
absence of tumor-specific end points for tumor-associated an- 
tigens requires, at least for this class of markers, that quanti- 
tative criteria be established; and (<f) confirm marker predictive 
value in prospective population trials marker predictive value 
must be Oemonstrated in populations trials allowing for the 
anticipated effect of population disease nsk upon test 

Va, A?progress in elucidavion of the biology of early carcinogen- 
esis U integrated with btomarker validation, new clinical appli- 



where Z • a/2 is 1.96 upper percentage points of the standard 
normal distribution corresponding to the significance cyel «/2 
- 025, P is the proportion of true positive fin the calculation 
of sensitivity) or the proportion of true negative (in the caku- 
lation of specificity), q is I - p. and t is the specific difference 
between estimate and the "true value" (0.04 or 0.06 as in Table 
5). It may be seen that the sample size required increases as the 
precision of the estimate increasesfor the width of the estimated 
confidence interval decreases from t « 6% to *.« 4%; ej, , for 
a sensitivity of 95%, the sample size must increase from 50 o 

1 14; for a sensitivity of 99%, the sample size rises from 1 1 to mvevmwu „ lu „ 

24 rrable 5)1- Thus, it is clear that the wasting data are ^ m ongolng communication across tradi- 

insufficient to accurately estimate cell type W^***™ liona i biomedical disciplines. Expansion of collaborative re- 
sensitivity/specificity. Finally, as the nsk of disease in a popu- kading ^ pract|ca , a pp Ucat ion of validated 

latbn falls, the positive predictive value of a test declines. biomarkcrs mav evo lve, in turn, into a dinical field of 

Therefore, population application of even a valid test jv.li * detccUon an d prevention, 

justified only after the predictive value of an early detection 

marker has been balanced against the population incidence of 

lung cancer. The development of such a strategy is the domain 

^he^pideraiologistrwfcp, thwughAaango^alO^^rth 

the biologist, may sequentially combine validated early detec- 
tion markers to greatly enhance the accuracy of marker-based 

population screening. . .i;j : ,„ 

VVe are currently engaged in a study to determine the validity 

(sensitivity, specificity, predictive value) of these monoclonal 

antibodies as markers of a ncw/contmumg process of tang 

carcinogenesis in a population sufficiently large to provide for 

~U tvw : (subaroup^ analvses. Patients who have undergone 

TucSul Son for postsurgical* staged (Stage IHung 
cancer have a 5% annual incidence of developing a second 
tfZX* cancer (74). Over a 3-year period, approximately^ 
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